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occurred a t  25,000 fee t   a l t i tude  was not at t r ibuted to the  charac- 
t e r i s t i c s  of the horn-balanced rudder because the rudder returned 
t o   neu t r a l and  remained there Wing the osc i l l a t im .  

A t  the request d the A i r  Materiel Cananand, Axmy A i r  Forces, 
flfght t e s t s  were conducted an a P-5lD-20-XA (AAF No. 44-63826) 
airplane equipped with a  horn-balmce'd ruclder. Ths rudder was 
f i t t ed  w i t h  an unbalancing k b  as was the original  productfan 
rudder.  Tests were made both  with the unbalmc5ng tab fn operation 
and with the unbalancing tab locked. The modification to   the 
or iginal   ver t ical  tail consisted of removing the cap from the  top 
of the fin and add- 1.91 square feet of mea t o  the rudder a s  
the horn balance and 0.82 square foot  of area to the  top of the 
rudder aft of the hinge line . 

A canparison of the directicmal s tab i l i ty  and control  charac- 
t e r i s t i c s  of the P-5D airplane with three  different  vertical-tail  
configurations - the horn balance.  origjnal  production, and extend& 
tail (with unbalancing ta0 lockedj. conf'Qurations are presented 
herein. The tests of the horn-balanced rudder were conducted at 
the L w ~ g  Laboratory i n  1945. The tes ta  of the ariginal-ta$l 
canfiguration were p r e ~ i o t ~ s l y  conducted at  t h e  Ams Aeronautical 
Laboratory  (roference 1) Testa of the  extended-tail  configuration 
were cmducted at  the Langley ' Laboratory and a m  reported In 
reference 2.  

The P-51D-20-MA airplane i8 a eingle-place; low w i n g ,  fighter- 
type monoplane. A three-view drawing af the airplane as tested is 
shown in figure 1, A side view of t h e  airplane l e  shown i n  figure 2. 
Figures 3 and 4 show the cmparieon between t h e  original production, 
extended tail and horn-balanced rudder configurations tested. 
Figure 5 is a drawing comparing the rudders ai? the t h ree  airplanes. 

General Spocificatfon and Dimensicme 

Engine . . .' . . . . . . . . . .. . . . . . . . Packard V-1650-7 

! 

. 
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Propeller . . . . . . . . . . . . . . . .  Hamilton Standard mdrcmaatlc 
Wmbar of blades . . . . . . . . . . . . . . . . . . . . .  4 
Gear r a t i o  . . . . . . . . . . . . . . . . . . . . . . .  2 .@:I 

Diam3ter . . . . . . . . . . . . . . . . . . . . .  I l f t 2 i n .  

Gross weight 88 teated (at take-off) lb . . . . . . . . . .  874.2 
Center-&-gravity position (wheels dom) percent M.A.C . 25 *5 

W i n g :  
span . . . . . . . . . . . . . . . . . . . . . .  37 ft 5 in. 
A r e a , s q f t . .  . . . . . . . . . . . . . . . . . . . . .  240 

Section . * . . . . . - -  . . . X u  - WACA low drag airfoil 
DFhedral,deg. . . . . . . . . . . . . . . . . . . . . . . . .  
Sweepback (leading edge) . . . . . . . . . . . .  30 35 32 2 

. Taper raklo . . . . . . . . . . . . . . . . . . . . . . .  2.16:1 
... 

Vertical tail (productton) : 
T o t a l a r e a , e q f t . .  . . . . . . . . . . . . . . . . . .  20.02 
Fin area (exclusive ,& dorsal f fn, sg P t )  . . . 51-61 
Fin offset fram fu@elage center lfne . . . . . . . . . . .  lo l e f t  
Rudder defleotfan, f rm fin, deg . . . . . . . . . . . .  230 
Rudder t rh tab area, eq ft . . . . . . . . . . . . . . .  0.81 
Rudder trb tab deflection, deg.,. . . . . . . . . . . . . . .  210 
Ratio . .  of UnbaUmcing, ,-l;ab deflection t o  maer deflection;. 

approrimste ...... rfght rudder 0.6.:1 
i , _  ". - , . . . . . . . . . . .  : .- . .: - .l&t rudder o > 4  il 

Verticaftriil '(hob balanced) : ' . 
, .  . 

Tot 'd  area, sq f t  20.75 . . . . . . . . . . . . . . . . . . . . . . . .  , . .  

. . . . . . .  
. ,- . . .  - .  

! '  . .  .. 

Note: ,. A3'1 other cti2mnsions. m e  the 8 m  88 for the probuctlm 
cokfiguration.. . . . .  * ' .  



where 

fo  t h e  cciupmssibility  correction  factor a t  sea level 

qc the impact pressure, measured as  the difference between total 
head and static  pressure In  inches of water 

The yaw vane for w e  with the  recorder was mounted 1. chord 
length ahead of t h e  l e f t  w i n g  t i p .  

Measurements wire made in f l i g h t  of the directional a t a b i l i t y  
Fn sideslips and the change ' i n  rucder-trim force with speed at 
10,000 and 25,000 fee t   a l t i tude  of the P-51.D-5-MA with the horn- 
balanced rudder and f i t t ed  with an unbalancbg tab * Additional tests 
at 10,000 fee t   a l t i tude  =re niade with the unbalancing tab locked. 
AU tests 'were made ' i n  the  climbing  condition (normal; rated power, 
flaps and 'lasdixig g e e  up) . To maintain a n o m 1  csriter-of-gravity 
position of 25.5 percent  of'the mean.aerodynamic chord throughout 
'the tes€s 't2ie fuselage fuel  tank w88 kept empty The charge of- 
h e n t e ~ - o f - ~ a v i t ' p o s i t ~ ~  due t o  fuel ccmeumptian dwk?ing flight 

, was negl.igible. 
. .  

. .  . .  . . . .  
The directional stabilitq w a s  determined bg measuring the rudder 

deflection, pedal force and sideslip angle slow cantinuoua 
sideslips, in which the rudder was deflected a t  a continuom rate In 
tho  r ight  'and ' l e f t  at .given i r i d i ca ted  'airspeeds of approxlmtely 
103, 200, and 350 miles per hour at 10,000 fee t   a l t i tude  and 
100, 250, and 350 miles per hour a t  25,000 f e e t  altitude. D a t a  
obtained a t  those al t i tudes for the horn-balanced rudder, the original 
vertical-  ta i l  configuratiom, and the  extended-tail configurations 
are  given in cmparieon in figures 6 t o  8 and 9 to 11, respectively. 
Figures 12 to 14 are the data f o r  the horn-balanced rudder with the 
unbalancing tab  locked a t  10,000 f e s t  A l l  rudder angles are given 
in degrees from the center llne of the airplane. 

' The horn-balanced rudder  increased  the  rudder- free s t a b i l l t y  
but gave a negligible  increase the rudder-flxed stabilitq when 
compared,with the ori@n.al tail. A comparison of the n l u e a  of 
variatian 'of rudder angle with sidesl ip  d$/dP and the var i a t im  
cf rudder  force w i t h  sidesl ip  dFy/f@ for all. t h e e  of t h e  
configurations is given in table I. The value of d%/d@ is a 
measurement of the rudder-fixs8 directional stabAlity, and the value 

. 
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of dF,/df3 ie a measurement of the rudder-free directional e tab i l i ty  . 
From table I it appears that. the value8 of dB,/* for  the horn- 
balanced rudder decreased with increaslpg speed and at high speed 
became less than those f o r  t he  origfnal-tafl cmfiguratfon. The 
value of dS,/aS f o r  all tail ccmfiguratims tended to decrease 
sl5ght.J.y in going frcm 10,000 to 25,000 feet altitude. Because of 
the diff icul ty  in accurateu measuring the dope8 af the curves of 
rudder deflection agalnet sihesltp angle over a mall range of 
s idesl ip  angles, the vaLusa given in table I are mI-7 approximate. 

V a l u e s  of dF,/df3 for the horn-balanced rudder end Bxtended 
tail showed a normal increase with increasing speed while the 
values for the original tail decmaeeb 88 the speed increased fram 
200 t o  350 a l e s  per hour at 10,OOO f e e t  altitude. The value of 
&Fr/d13 f o r  the horn-balanced rudder wae gsnere3J.y equal t o  that 
of the extended tail whereas, the value for the original t a i l  was 
considerably less. 

For the horn-baancea rudder w i t h  unbalancing tab locked at 
10,000 f ee t alt i tude,  the value of aS,/i@ tiecreased as the a p e d  
increased frcxn 200 t o  350 m 3 . l ~ ~  per hour ThQ valug o f .  . dF,/dp 
shared a normil. increa8.e with increasing a-peed. Tha value of d%/dS 
was greater with the u n W a n c l n g  tab..locked than with .it In aperation. 
This increaee 1.e due to the fact t h a t  ruddsr effect ivenep is reduced 
with :the tab locked. AB expected, the yalw. of d??,/.fip was ' , 

decraa.mil when &,e tmb'alancing tab .ww. locked. W i t h  the unbaiancfng 
tab locked no 0verba;lanC'lng or tendency b w m d .  rudder lock was 
encountered. 



original tail. The horn-balanced  ruader and extended. tail 
configurations would have similar force  characteristics  except 
a t  high speeds, where the extended ta i l  would h v e  samewhat smaller 
forces A t  high  altitude,  the change in *rim force with speed f o r  
the horn-balanced rudder appeared to Be lees than tha t  of the 
extended tail 88 shown in figure 16. The p i l o t  had the same 
diff icul ty  holding c o n ~ % ; f m s  steady throughout the run a t  high 
al t i tude as he did a t  low al t i tude,  thus causing the  scatter in  
the data for   the  holm-balanced rudder: The diff icul ty  in  main- 
taining steady conditions a t  hi@.speeds waa attributad t o  the low 
rudder-fixed  directimal  stabil i ty of the airplane. The change i n  
rudder  position  throughout the dive, f o r  low and high altitude, 1s 
approximately the a m ,  aa shown by figures 17 and 16. 

In order t o  determine the hinge-moment characterist ics of t he  
horn-balanced  rudder, rudder kicks wero made in which the p i l o t  
abruptly  deflected and held the rudder. These t e s t e  were made at  
al t i tudes of 10,000 and 25,'OOO f e e t  end at speeds of ,150,. 230, and. 
350 miles per hour. The variatfon of the rudder hhge-mcment 
coeff'fcient w i t h  deflection d$/d@ w a a  d e t e r n b e d  fraan the rudder 
force  init ially  required  to  deflect  the rudder.  Th6,varistion of 
rudder hinge-moment coefficient wlth a n g l e  of attack was 
determined frdm %he change in rudder  force as the sideeli$ angle 
increased.. ~ h e s e  values of dChld.8 and -dCb/dct are presented in 
table II. From the calculated ~ K l u e ~ ,  it may be seea -&at d%/dct 

, for the .horn-bqlanced' middsr' m a  approximately zero. The *balancing 
t a b  appewed to Increaee the value of dCh/dG ,frosn about -0 .OO7 
to -0 .oog. ' 

Lateral oacf l la t ims  were  made at  high and l o w  altitude by 
deflecting  the  rudder at  a rapid rate and releasing it. These t e s t a  
w e r e  made a t  altitudes of 10,000 and 25,OOO f e e t  and at speeb  
of 130, 150, 230, and 350 milee per hour. The recorda showed. .that 
t h e  oscil latione damped sat isfactor i ly  in all xuna except thoee at 
130 miles per hour. A time history of a mical osci l la t ion is  
shown in figure 17. The rudder returned rapidly t o  its trim position 
when released and remained there  during the oscil latiana.  An 
undamped lateral oecillatfon  occurred a t  an fndicabd  airspeed of 
130 miles per hour a t  25,000 f ee t   a l t i t ude .  Figures 18 and 19 show 
time his tor ies  of the undampea oscil lations.  The undamped lateral 
oscil lation was accompanied by a sp i ra l  divergence and an increase 
in the indicated  airspeed'. When the speed increased the oacfllations 
damped rapidly. There was no 'tendency for a snaking oec i l l a t im ,  5n 
which the ruddkr motion minf'orces  the motim of the  airplane. The 
rudder  position  record showed that the ruclder remalned essentially 
f i m d  during the oacil latim, so tha t  the lack of w i n g  cannot be 
a t t r ibu ted   t o  t he  character is t ics ,  of the horn-balarlced rudder. 

- :  

. .  
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This tspe of o s c i l l a t l a ,  wbich has been observed an other high- 
powered single-engine airplane, enVolves a caiiblnatian of lateral 
and longitudinal oscil lations,  and is believed to be cawed by the 
gyroscopic effect  of the prapeller. The p i lo t  did not  cansider 
t h i s  undamped osci l la t ian jio be objectLonable  became it w a s  eaeily 
controlled. 

The p i lo t s  considered the cantzol fame ~ W a c t e r i s t i c s  of 
the horn-balanced rudder to be a8 good a8 those of the extarfed 
tail ccerPiguration and an improvemnt over the origlnal tail. They 
objected t o  the &L#iculty 3n keeping the directional control steady 
during the dives at high speeds. 

A n  investigation was mado of the direct ional   e tabi l i ty  of a 
P-51D-20-NA airplane wtth a horn-balanced rudder. The results of 
these tests wore crslrparod with those of previoue t s s t a  of the 
airplane W f t h  original production tail ana xith an extended tat1 . 
The following conclusims were obtained f r a  this investigatfon: 

1. The direct ional   s tabi l i ty  of the airplane rudder free 88 
indicated by the variation of rudder force with sidesl ip  angle 
was graater w i t h  a horn-balanced  rudder than that with the orfginal 
production t a i l  configuration and approzimatelg equal to the value 
obtained w i t h  t h e  extended- tsil configmatian. no rudder lock 
was encombrod dth the horn-balanced rudder. 

3 .  The change in trim force with speed f 01.. the horn-balanced 
rudder WELB less than that produced by the orfginal-tail configuration 
and approx3mately the same a~ that of the oxtonded-tall configuratfon, 
which is  cmeidered acceptable. 



8 

4. The horn-balanced  rudder did not cause any tendency f o r  
a snaking oscil lation. 

Langley Memorial Aeronautical Laboratorg 
Matiaaal Advisory Camittee for Aeronautics 

Langley Field, Va. 
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Figure 1. - Three view lay-out of the P-51D-20-NA airplane with 
horn balanced rudder. 
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Wgure 2.- Side view of the P-61D-20-NA (AAF No. 44-83826) with 
the horn balanced rudder. 
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Fi@;ure 3.1 Comparison of a P-61D-6-NA airplane with an axtended 
tail and P-6lD-BO-NA (AAF No. 44-63826) with a horn balanced 
rudder, -#umonv-rm- 

L M U T  RllDlllu -L uIo#RoIII" m o .  



Figure 4.3 Compa&ton of a P-51D-25-NT airplane with an original 
production conftguration and the P-51D-20-NA (AAF No. 44-63826) 
with a horn balanced rudder. U l P U L l W L D n m w n * l r m u r a w m o S  

UYcR "mswnx uclnolr-uruFI 1100.11. 
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Figure 6." Steady sideslip characteristics at 10,000 feet  altitude, climbing 
. . ". 

condition Vi, = 103 miles per hour. P-51D-20-NA airplane with a horn 
balanced rudder, original and extended tail configurations. 
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Fig. 7 

Figure '7.- Steady- sideslip characteristics at 10,000 feet altitude, climbing 
condition Vi, = 2OO.miles per hour. P-51D-20-NA airplane with a 
horn balanced rudder, original and  extended tail configurations. 
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figure 8. - Steady sideslip characteristics at 10,000 feet altitude, climbing 
condition Vis = 350 miles per hour. P-51D-2O-NA airplane with a horn 
balanced rudder, original and extended tail config'urations. 
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Figure 9.- Steady sideslip characteristics  at 25,000 feet  altitude, climbing 
condition Vi = -  100 miles per how.. P-51D-20-NA airplane with a horn 

balanced rudder, and extended tail configuratims. 
S 
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Figure 10.- Steady sideslip characteristics  at 25,000 feet altitude, climbing 
condition Vis = 250 miles per hour. P-51D-20-NA airplane with horn 
balanced rudder and  extended tail configuration. 
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Figure 11.- Steady sideslip characteristics .at 25,000 feet altitude, climbing 
condition Vis = 350 miles p e r  hour. P-51D-20-NA airplane with a horn 
balanced rudder and extexded tail. 
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F i v e  12.- Steady sideslip characteristics of 10,000 fee t  altitude, clirnbmg 
rorpiition Vi, = 103 miles . .  per hour. P-51D-20-NA airplane with hclrn 
balanced rudder with tab locked. 
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Fig .  13 

Figure 13.- Steady sideslip characteristics a t  10,000 feet altitude, clirnbhg - 

condition Vis = 200 miles per hour. P-51D-20-NA airplane with a horn 
balanced rudder, tab locked. 
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Figure 14.- Ste-agy sideslip characteristics at 10,000 feet altitude, climbing 
condition Vis = 350 miles per hour. P-51D-20-NA airplane with horn 
balanced rudder, tab locked. 
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Figure 15.- Rudder trim force characteristics in diving through the speed range 
from .14,000 to 8,000 feet altitude. P-51D-20-NA airplane with horn balanceJ 
rudder, original and extended tail configuration. 
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Figure 16.- Rudder trim force characteristics in  a dive through the speed ra 
from near 30,000 to 20,000 feet altitude. P-51D-ZO-NA airplane with a h o ~  
balanced rudder and extended tail configuration. 
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Fig. 17 p . .  
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Figure I f / ._- .  A - typical . right rudder kick at 11,000 feet altitude, climbing 
condition Vis = 150 miles per hour. P-51D-ZO-NA airplane with 

horn balanced rudder having the unbalancing tab locked. 
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Figure 18.- Rudder ldck to left at 25,000 feet altitude, climbing condition Vis = 130 miles per hour. 
P-51D-20-NA airplane with horn balanced rudder. 
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Figure 19.- Rudder kick to right at 25,000 feet altitude, climbing condition Vis 130 miles per hour. 
P-51D-20-NA airplane with horn balanced rudder. 
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